INTRODUCTION {#sec1-1}
============

Visceral obesity is recognized as an important risk-factor for the development of most features of metabolic syndrome, such as insulin resistance, diabetes, dyslipidemia, and hypertension,\[[@ref1][@ref2][@ref3][@ref4][@ref5][@ref6][@ref7]\] and has been linked with all-cause mortality in elderly population.\[[@ref7]\] Detection and quantification of visceral adipose tissue (VAT), the fat deposited around the internal organs, is crucial for identifying visceral obesity, and can be achieved by non-invasive imaging techniques including computed tomography (CT) and the gold standard technique -- magnetic resonance imaging (MRI).\[[@ref8][@ref9][@ref10]\] Although accurate, these modalities are time-consuming and expensive, and in the case of CT require radiation exposure. Abdominal ultrasonographic techniques have now been developed for calculation of VAT.\[[@ref11][@ref12][@ref13]\]

Anthropometric measurements have been extensively evaluated as surrogate markers for VAT. Their major drawback is their relative imprecision.\[[@ref14][@ref15]\] Waist circumference is however, widely accepted as a robust predictor of visceral fat,\[[@ref16]\] a marker of cardiometabolic risk,\[[@ref17]\] and an indicator of risk of development of type 2 diabetes mellitus.\[[@ref18]\]

Assessment of intra-thoracic VAT within the pericardial and epicardial fat sub-compartments by MRI and/or CT, has been shown to correlate with intra-abdominal VAT.\[[@ref19][@ref20]\] Intra-thoracic VAT has also been positively associated with hypertension,\[[@ref19]\] insulin resistance,\[[@ref19]\] elevated triglycerides,\[[@ref19]\] the metabolic syndrome,\[[@ref20]\] and coronary artery disease.\[[@ref21]\] In addition to the close relationship between abdominal visceral fat and epicardial fat -- a fact partially explained by their common embryological origin,\[[@ref22]\] epicardial fat can potentially influence coronary atherogenesis and myocardial function directly.\[[@ref23]\]

This study was performed to determine the correlation of echocardiographically determined epicardial fat with commonly utilized anthropometric measurements in a population of healthy Asian-Indian individuals.

MATERIALS AND METHODS {#sec1-2}
=====================

Study settings {#sec2-1}
--------------

The study was conducted as a part of community based project at three different places within a 10 mile radius from Kasturba hospital, Manipal in coastal Karnataka (south India).

It was prospective and cross-sectional in design. 350 consecutive healthy subjects without hypertension, diabetes, dyslipidemia, or any other chronic medical illness were included in the study. Obesity was not used as an exclusion criterion. All participants had a blood pressure below 130/85 mm Hg. Subjects below 18 years of age were excluded from the study. Blood glucose and dyslipidemia were not estimated prior to inclusion in the study. Previous diagnosis with hypertension, diabetes, dyslipidemia or any other chronic medical illness, or past history of receiving any form of therapy for these conditions was an exclusion criterion.

Institutional ethical committee approval was obtained prior to the study. All subjects gave informed consent prior to inclusion in the study.

Anthropometric data were collected in all the subjects including weight, height, and waist circumference. Weight (to the nearest 0.1 kg) and height (to the nearest 0.5 cm) were measured while the subjects were fasting and wearing only their undergarments. Body-mass index (BMI) was calculated by dividing the body weight (in kilograms) by height squared (in meters) and was used to quantify obesity. Waist circumference was measured mid-waist, between the lower rib margin and the iliac crest while the subjects were standing with their heels together, with quiet respiration. A waist circumference greater than 80 cm in women and 90 cm in men was considered indicative of truncal/abdominal obesity.\[[@ref17]\]

Each subject underwent transthoracic two-dimensional guided M-mode echocardiography. Echocardiograms were performed with a General Electric Company (GE) Vivid E echo machine by standard techniques with subjects in the left lateral decubitus position. Echocardiograms were recorded on videotape. The echocardiographic study required recording of 10 cycles of two-dimensional parasternal long- and short-axis views and 10 cycles of M-mode with optimal cursor beam orientation in each view.\[[@ref24][@ref25]\] Epicardial fat thickness was measured on the free wall of the right ventricle from both parasternal long- and short-axis views. In these views, epicardial adipose tissue was visualized as an echo-free space \[[Figure 1](#F1){ref-type="fig"}\]. Measurement of epicardial fat on right ventricle was chosen as this point has been shown to have the highest absolute epicardial fat layer thickness.\[[@ref26]\] Moreover, parasternal long- and short-axis views allow the most accurate measurement of epicardial adipose tissue on the right ventricle with optimal cursor beam orientation in each view.

![Transthoracic echocardiogram showing a large area of epicardial adipose tissue (white arrows) on free wall of right ventricle (a and b). RV: right ventricle, LV: Left ventricle, Ao: Aorta](AJM-2-89-g001){#F1}

Hypertrophy of the right ventricle trabecular and moderator band, even when present, did not confound epicardial adipose tissue calculation.\[[@ref26]\]

Statistical analysis {#sec2-2}
--------------------

All data was analyzed using SPSS Statistics version 17.0 (Chicago IL, USA). Continuous variables were presented as mean ± SD. Chi-square test was used to determine the association of various anthropometric parameters with epicardial fat thickness. Pearson\'s correlation was performed on echocardiographic, anthropometric, and clinical variables to identify correlates of epicardial fat. *P* \< 0.05 were considered to indicate statistical significance.

RESULTS {#sec1-3}
=======

Of the 350 individuals included in the study, 223 (63.7%) were males.

Mean age at the time of participation in the study was 42.79 ± 15.3 years (range 18-84). Mean values of anthropometric parameters were as follows: Height 157.35 ± 11.4 cm, weight 57.66 ± 14 kg, BMI 23.29 ± 4.5 kg/m^2^ (range 15.2-34.3), waist circumference 80.24 ± 13.4 cm (range 43-115). Mean epicardial fat in both parasternal long axis and short axis was 2.6 ± 1.3 mm (range 0.3-7.0). Anthropometric measurements according to gender are summarized in [Table 1](#T1){ref-type="table"}.

###### 

Body composition and visceral adipose tissue measures in men and women

![](AJM-2-89-g002)

Pearson\'s correlation showed a strong, positive correlation between epicardial fat thickness obtained from echocardiogram and BMI, which was statistically significant (*r* = 0.469, *P* \< 0.001). Similar positive correlations were seen for epicardial fat thickness versus waist circumference (*r* = 0.529, *P* \< 0.001), epicardial thickness versus weight (*r* = 0.346, *P* \< 0.001) and epicardial fat thickness versus age (*r* = 0.625, *P* \< 0.001). Scatter plot diagrams were corroboratory \[Figures [2](#F2){ref-type="fig"} and [3](#F3){ref-type="fig"}\]. There was also a strong correlation between epicardial fat versus age and anthropometric measurements in both males and females as shown in [Table 2](#T2){ref-type="table"}.

![Scatter plot of echocardiographic epicardial fat thickness versus waist circumference (left) and age (right)](AJM-2-89-g003){#F2}

![Scatter plot of echocardiographic epicardial fat thickness versus body-mass index (left) and weight (right)](AJM-2-89-g004){#F3}

###### 

Correlation of epicardial fat with anthropometric parameters in males and females

![](AJM-2-89-g005)

No significant difference was found in epicardial adipose tissue between men and women.

DISCUSSION {#sec1-4}
==========

There is a limited data available on the correlation of anthropometric parameters with epicardial fat thickness. A recent study by Kim *et al*.\[[@ref27]\] in obese adolescents in South Korea showed good correlation between these parameters and echocardiographically determined epicardial fat thickness. However, similar data is lacking in the Asian-Indian population where no large studies have been conducted to validate these findings. Moreover, there were several shortcomings in the study by Kim *et al*., including a relatively small sample size, and inclusion of only obese subjects in the study population. We attempted to further validate these findings by performing a community based study including healthy individuals, in order to determine whether the relationship between anthropometric measurements and epicardial fat thickness was strong regardless of the presence or absence of obesity.

Similar to the findings by Kim *et al*., our study showed a positive association between epicardial adipose tissue and BMI.

Our data also suggests that body fat distribution, particularly abdominal fat tissue, correlates strongly with epicardial fat. This was evidenced by the robust correlation of epicardial adipose tissue thickness with waist circumference. Waist circumference is widely accepted as an indicator of subjects with adverse metabolic profile and high cardiovascular risk, and has been positively correlated with abdominal fat content.\[[@ref16]\] The vigorous association demonstrated in our study between epicardial fat and anthropometric measures of obesity strengthens the position of epicardial fat thickness as an accurate indicator of VAT and by extension, cardiometabolic risk. Moreover, epicardial adipose tissue assessment scores over waist circumference in terms of precision and reproducibility.

Abdominal ultrasonography has also suggested as an inexpensive and safe technique to determine VAT. While some reports have described good correlation between ultrasound measurements and CT images of VAT\[[@ref13]\] with waist circumference,\[[@ref13]\] other studies have reported poor reproducibility.\[[@ref28]\]

In contrast, the thickness of the epicardial adipose tissue sub-compartment can be measured easily and conveniently by transthoracic echocardiography and correlates with MRI-determined epicardial fat and intra-abdominal VAT.\[[@ref29]\] Assessment of epicardial adipose tissue by echocardiography can also be conveniently carried out in the course of routine evaluation of morphological and functional cardiac parameters in patients with obesity, diabetes, and hypertension. Precaution should be exercised; however, as epicardial adipose tissue can produce an echo-free space that might be mistaken for pericardial fluid.\[[@ref30]\]

A brief comparison with similar studies conducted on other ethnic populations revealed comparable correlation of epicardial fat thickness with various anthropometric parameters. Two Italian studies by Iacobellis\[[@ref29]\] and Vicennati\[[@ref31]\] for instance, yielded strong correlation between epicardial fat and waist circumference and BMI similar to the study by Kim *et al*., however, both studies were limited by a small sample size, and the study by Vicennati was also restricted to obese women, limiting application of the results to the general population. In comparison, a recent Chinese study by Lai *et al*.,\[[@ref32]\] was similar to our own study in terms of enrolled individuals -- this study also demonstrated significant correlation between epicardial fat and weight, waist circumference and BMI.

Our study adds to this body of evidence, by validating these results in a healthy Asian-Indian population.

Determination of whether a similar association exists in this population between epicardial adipose tissue thickness and biochemical parameters of metabolic syndrome would constitute the next step and requires further investigation.
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